Background Studies suggest strong links between adverse childhood experiences (ACEs) and poor adult health and social outcomes. However, the use of such studies in non-US populations is relatively scarce.
Introduction
Studies are increasingly exposing relationships between childhood trauma and the emergence of health damaging behaviours and poor health and social outcomes in adulthood. 1 -3 The first large-scale adverse childhood experiences (ACE) study in the USA began to quantify the impacts of ACEs on health and behaviour throughout the life course. 4 This and subsequent studies have identified a set of ACEs including: growing up in a household with someone who is depressed, mentally ill, a substance abuser or has been incarcerated in the criminal justice system; exposure to child maltreatment or domestic violence and losing a parent through divorce, separation or death. 4, 5 Exposure to such ACEs has been associated with poor health outcomes including substance use, mental ill-health, obesity, heart disease and cancer, as well as unemployment and continued involvement in violence. 4, 6, 7 Importantly, the impact of ACEs appears to be cumulative, with risks of poor outcomes increasing with the number of ACEs suffered. 4, 8, 9 The relationships between ACEs and pressures on health and social systems [e.g. from non-communicable diseases (NCDs)] should be a critical element in informing health policy and strategic investment. 10, 11 That ACEs appear linked to important outcomes for other public services (e.g. criminal justice, education) means an understanding of ACEs should inform work across government departments. However, such intelligence is rare outside the USA, even in high-income countries. 11 Thus, global public health efforts are focusing on developing and implementing standardized methodologies for measuring the impact of ACEs across populations. 11 As Europe increasingly embraces a social determinants approach to health, 12 understanding relationships between deprivation, ACEs and adult outcomes becomes paramount. 13 -16 We present findings from a general population ACE study in a relatively deprived and culturally diverse part of the UK. The study was designed to examine associations between ACEs and poor health and social outcomes over the life course. Controlling for demographics and deprivation, we explore the strength of ACEs as predictors of poor behaviour, health, criminal justice and educational outcomes, and discuss the implications for health policy.
Methods
In collaboration with the National Health Service, a diverse geography covering a range of income levels and ethnic groups was identified. Its population is 150 000, relatively young (26% of residents aged 0 -17 years compared with England 21%), 17 with higher than national residential ethnic minority levels (White British 74.6%, Indian 9.2%, Pakistani 8.9%, other ethnicities 7.3%) 18 and high levels of material deprivation and child poverty.
18,19

Questionnaire
The questionnaire used tested ACE categories and other survey tools. ACE questions were based on the Centers for Disease Control and Prevention short ACE tool 11 (Table 1) . Outcomes potentially associated with ACEs were identified from US studies (substance use, sexual behaviour, exercise, disease diagnoses, health service use, employment, obesity and violence involvement) 4, 7, 20, 21 with additional variables relating to UK health policy (diet, mental wellbeing, life satisfaction, educational attainment, incarceration; Table 2 ). Alcohol consumption was measured using AUDIT-C questions, 22 including information on what constitutes a standard drink (UK ¼ 10 ml pure alcohol). 23 Heavy drinking was defined as consuming 6 standard drinks/occasion at least once a week. Mental wellbeing was measured using the Short Warwick-Edinburgh Mental Wellbeing Scale (SWEMWBS). 24, 25 Low mental wellbeing was categorized as SWEMWBS score ,23 based on a larger mental wellbeing survey undertaken in the same region. 25 This survey was also used to set the threshold for low life satisfaction as 5 on a 10-point Likert scale. Body mass index (BMI) was calculated based on participants' selfreported height and weight. Individuals were considered obese if their BMI was 30 and morbidly obese at 40.
26 To minimize self-diagnosis of health conditions, respondents were asked if (and when) they had ever been diagnosed by a doctor or nurse with each condition. Ethnicity was selfdefined based on standard UK Census categories. The questionnaire was developed for delivery by trained researchers through face-to-face interviews or self-completion under researcher supervision.
A pilot of 152 residents in the study area resulted in the questionnaire being shortened through changes to wording and removal of superfluous questions. The final tool contained 42 questions and took 10 min to complete. The questionnaire was available in English, Urdu, Gujarati, Hindi and Polish.
Sample
The inclusion criteria were resident in the study area; aged 18-70 years and cognitively able to participate in a face-to-face interview. ACEs in the pilot ranged in prevalence from 2.6% for forced sex to 21.9% for being sworn at, insulted, and put down. Based on the pilot a sample of 1500 was identified for the survey and a random sampling methodology stratified by deprivation quintile was used to ensure an approximate match to the local population. Deprivation was based on index of multiple deprivation (IMD) 2010; a composite measure including 38 economic and social indicators. 27 The Postcode Address Filew 28 was used to identify houses in each national deprivation quintile and, to allow for non-compliance as indicated in the pilot, 3000 households were selected.
Letters were sent to sampled households prior to researchers visiting, providing study information and the opportunity to withdraw (via post, email or telephone); 120 (4.0%) households opted out at this stage. Households were given a second opportunity to opt out when researchers arrived. Those that did were replaced by a neighbouring household. At least three attempted visits were made to each sampled household. A total of 2162 sampled houses were occupied when visited; of these 511 (23.6%) opted out and 151 (7.0%) were ineligible. Sampling was completed once the 1500 target was reached. Compliance was 74.6% across eligible occupied households excluding the 120 opting out at the letter stage; 70.4% including them. Under the research team's instruction, a professional survey company delivered the questionnaire (August to October 2012). After explaining the voluntary and anonymous nature of the survey and its rationale, respondents could choose to complete the questionnaire through a face-to-face interview or self-complete.
As problematic substance users were likely to be underrepresented in door-to-door surveys, a specialist sample (n ¼ 67) was surveyed at three substance use services in the same locality. This sample was self-selected; staff informed eligible clients of the study during routine appointments and invited them to attend survey sessions held by researchers at the services. Clients attending appointments on survey days were also invited to participate. This sample has been treated separately for analysis but is included to provide information on a group with potentially multiple ACEs likely to be missed in household surveys. 29 Ethical approval for the household study was granted by Liverpool John Moores University Research Ethics Committee and for the substance user sample by the NHS Research Ethics Committee.
Analysis
Analyses used PASW Statistics v18. Having any ACE was highly correlated with having any other ACE (all P , 0.001). Therefore, in line with other studies, 4, 20 an ACE count was used to classify respondents into, here, four ACE categories (0 ACEs, n ¼ 794; 1 ACE, n ¼ 287; 2 -3 ACEs, n ¼ 234; 4þ ACES, n ¼ 185). Dependent variables of interest were dichotomized for the purpose of calculating adjusted odds ratios (AORs) for health and behavioural outcomes. Individuals were allocated an IMD based on the lower super output area (a nationally defined set of small geographies) containing their residential postcode and then categorized into national deprivation quintiles. 30 Bivariate analyses used x 2 . Multinomial logistic regression (LR) was used to examine independent associations between ACE counts and demographic variables (age, sex, ethnicity, deprivation; Table 3 ). Binary LR was used to control for such associations when calculating independent relationships between outcome measures and ACE count. In each binary LR model (Tables 4  and 5 ) AORs [+95% confidence intervals (CIs)] represent changes in odds of each outcome with changing ACE count after correcting for demographics. 31 Where individuals did not answer all questions adjusted sample sizes are presented.
Results
Across the population sample, 47.1% of individuals reported at least one ACE, with ACE count categories 1, A drink is a standard UK unit of alcohol equivalent to 10 ml pure alcohol. Including coronary heart disease, myocardial infarction and stroke.
1 or 2 -3 ACEs, yet having 4þ ACEs was strongly associated with higher deprivation (quintiles 4 and 5; Table 3 ). For sexual behaviour, ACEs increased with prevalence of having (females)/causing (males) unintentional pregnancy age ,18 years and having had sex ,16 years (Table 2) . Multivariate analysis, accounting for confounding effects, confirmed increases in both unintentional pregnancy and early sex in those with .1 ACE (reference group 0 ACEs; Table 4 ). Relationships between sex ,16 years and having .1 ACE remained significant even when individuals whose ACEs included being forced to have sex were removed from analysis (2 -3 ACEs, P , 0.05; 4þ ACEs, P , 0.001; reference group 0 ACEs).
For wellbeing, the prevalence of low life satisfaction increased from 8.5% in those with no ACEs to 29.9% in those with 4þ ACEs, with 34.6% of this ACE category also having low mental wellbeing (Table 2) . Accounting for demographics, having one ACE (cv no ACEs) did not impact on life satisfaction or mental wellbeing but subsequent increases in ACEs were associated with reductions in both ( Table 4 ).
All substance use measures increased in prevalence with increasing ACEs. The prevalence of heavy drinking increased 2-fold from 0 to 4þ ACEs (Table 2) . Demographically adjusted comparisons identified no impact of one ACE on substance use, but increases in risk of heavy drinking, daily smoking and having ever used cannabis in those with .1 ACE. Odds of having used heroin or crack cocaine did not differ significantly from those with no ACEs until 4þ ACEs (Table 4) .
Increasing ACEs were associated with higher prevalence of both having been hit and hitting someone else in the last 12 months (Table 2) . Accounting for demographics, odds of having been hit were only significantly elevated in those with 4þ ACEs, while odds of having hit someone else were increased in those with .1 ACE (Table 4) . Having spent 1 night in prison or a police station in the last 12 months did not increase with one ACE but were over four and eight times higher in those with 2-3 and 4þ ACEs, respectively (Table 4) . ACE counts were not associated with exercise frequency (Tables 2 and 4 ). However, low fruit and vegetable intake e A drink is a standard UK unit of alcohol equivalent to 10 ml pure alcohol. given. STI, sexually transmitted infection. a P refers to the overall significance of association between the outcome measure and ACE counts. *,0.05, **,0.01, ***,0.001.
ADVERSE CHILDHOOD EXPERIENCES IN A UK POPULATION
b P refers to the significance of association between the outcome measure and individual ACE categories with 0 ACEs as the reference category.
c Gender, ethnicity and age entered as categorical variables and IMD (index of multiple deprivation) as a continuous variable.
d Including coronary heart disease, myocardial infarction and stroke.
was significantly more likely in those with 4þ ACEs. While obesity (BMI 30) was associated with increased ACE count in bivariate analyses (Table 2) , this relationship disappeared when demographic confounders were accounted for (Table 4) . However, even accounting for demographics, morbid obesity (BMI40) remained significantly higher in those with 4þ ACEs (Table 4) . Having no qualifications was not associated with ACE counts (Table 2 ). However, after correcting for demographics, ACE counts of 2-3 and 4þ were associated with increasing odds of having no qualifications (Table 4) . Increasing prevalence of current unemployment/long-term sickness was seen with increasing ACEs (Table 2) ; such increases were maintained in LR but only in those with .1 ACE ( Table 4) .
For health outcomes, having ever had a sexually transmitted infection (STI) was strongly associated with increasing ACEs (Tables 2 and 5 ). Having spent 1 night in the last 12 months, or 6þ nights ever, in hospital was both associated with having more ACEs ( Table 2) . After correcting for confounders, the former showed a significant increase only in the 2-3 ACEs category (Table 5) , while the latter was associated with ACE counts .1 (Table 5) . Similarly, an independent increase in odds of having ever broken a bone was observed with .1 ACE. Diagnoses of cancer and cardiovascular conditions were not associated with ACE count (Table 2 ) but increased strongly with age (Table 5) . Type II diabetes also showed no independent relationship with ACEs (Table 5 ). However, in bivariate analyses individuals with .1 ACE had higher levels of respiratory and digestive/liver diseases ( Table 2) . After correcting for confounders only 4þ ACEs remained significant for respiratory disease and a 2 -3 ACE count for digestive/liver disease. Individuals were asked their mother's age at their birth. While 10.3% of those with no ACEs were born to mothers aged ,20 years, this rose with ACE count (1 ACE, 13.2%; 2 -3 ACEs, 16.7%; 4þ ACEs 20.0%; x 2 ¼ 15.722, P , 0.001). This association was maintained after correcting for demographics (as Table 4 Unlike previous ACE studies, we measured mental wellbeing and life satisfaction; which both reduced rapidly in participants with .1 ACE. Low mental wellbeing and life satisfaction are related to lower investment in health-promoting behaviours and increased uptake of health-harming behaviours. 25, 32, 33 Here, while low fruit and vegetable consumption and morbid obesity increased in those with 4þ ACEs, ACEs had no impact on obesity or infrequent exercise. However, both these can result from either life-course successes or failures (e.g. sedentary employment, long-term unemployment) confounding relationships with ACEs.
34,35
The impacts of health-harming behaviours on injury and NCDs are likely to have contributed to the increased hospital stays in those with 4þ ACEs. 36 However, while respiratory and digestive disease showed some increases in prevalence with ACEs, other major causes of premature mortality did not: cancer, cardiovascular conditions and Type II diabetes. Across England and Wales, population size falls by around a third between ages 54 and 70 years, 17 and these three causes account for around 70% of deaths in this age group. 37 As those with most ACEs have significantly more risk factors relating to such conditions, premature mortality may have removed many from this population prior to survey.
Having had an STI increased even with a single ACE, while nearly a quarter of individuals with 4þ ACEs had/ caused an unintended pregnancy ,18 years. Critically unplanned, early pregnancies increase risks of ACEs against resulting children. 38 Consistent with other studies, we identified a link between ACEs and having been born to a mother ,20 years. 38, 39 Such results are indicative of a cycle where those suffering ACEs take sexual risks, become parents early and raise their children in environments where risks of ACEs are again high. Further our results, like others, 6, 40, 41 show that individuals with more ACEs are more likely to become victims and perpetrators of violence and be incarcerated in the criminal justice system, again contributing to the next generation's ACEs. Higher ACE counts were also associated with deprivation. Those with 4þ ACEs were more likely to live in deprived areas, be unemployed/on long-term sickness and have no qualifications. These relationships suggest adverse childhoods may inhibit social movement and trap successive family generations in poverty.
What is already known on this topic
Initial ACE studies were undertaken in the USA. Consistent with findings here (Table 4) , these studies identified strong links between increasing ACEs and substance use, severe obesity and low mental wellbeing in adulthood. 4, 20 The use of recently developed ACE tools is largely limited to the USA with relationships between ACEs and life-course outcomes relatively untested in countries with different approaches to universal health care and child support. However, limited ACE studies have been undertaken elsewhere. Thus, in Canada, as here (Table 5 ), higher ACEs were linked to poorer adult health and greater health service use. 8 Our findings are also consistent with those from lower income countries with, for example, ACEs having been associated with increased risks of substance use in Nigeria 42 and sexual risk taking and early smoking initiation in the Philippines. 43 
What this study adds
Although ACEs are more likely to occur in poorer communities, independent of deprivation ACE counts correlate with worse health, criminal justice, employment and educational outcomes over the life course. The impacts of ACEs on criminality, violence, early unplanned pregnancy and retention in poverty means those with ACEs are more likely to propagate a cycle that exposes their own children to ACEs. Population surveys likely underestimate the impact of ACEs on long-term health due to premature mortality removing those with more ACEs from the population.
Limitations of this study
This first UK ACE study experienced several limitations. For those asked to participate compliance was .70%. Researcher feedback suggested lack of time, not survey content, was the main reason for non-participation. However, with no empirical information on non-participants, bias introduced through selective participation cannot be excluded. Moreover, despite reassurances of anonymity and confidentiality individuals may have deliberately or inadvertently (e.g. poor recall, blocking certain memories) provided incorrect answers. 44 Critically, although we limited our sample to those aged 70 years, it is likely that some individuals with high ACE counts will have already died. 45 Longitudinal studies on those with ACEs would avoid this confounder and are urgently needed to map and quantify the full impact of childhood adversity.
Conclusions
National and international policy is increasingly focused on the social determinants of long-term health. 46 However, even in deprived communities, residents' behaviours and health outcomes vary considerably. 47 ACEs are a key risk factor for poor outcomes that policy can address. Cost-effective programmes are available that help disadvantaged parents provide safe and supported childhoods (e.g. nurse home visiting, parenting programmes). 48 -52 Most evaluation of these programmes has been undertaken in the USA. Further work is needed to understand the components of successful programmes necessary elsewhere, especially in countries with universal healthcare systems or limited health assets. However, sufficient evidence is already available for governments to prioritize and invest in ACE-preventing interventions. Too often the focus is on addressing the consequences of ACEs rather than preventing them in the first instance.
